Summary and future work
Limitations of further miniaturization has led a profound interest of the researchers in molecular junction fabrication in recent years, which has opened the way for exciting experimental measurements of conductance through a single molecule. This has drawn a lot theoretical and technological attention for the possible utilization of single molecules as miniature electronic components. We have developed computer controlled electronic setups for various types of experiments on molecular junctions created by the mechanically controllable break junction technique. Though we will continue our work on current projects as described earlier, the problem of electron transport through molecular bridges still poses many challenges.
In chapters 3 & 4, we worked towards modeling the effect of morphology of the molecules on the junction geometry towards developing applications in the flexible electronics. During this effort, we varied the position of the anchor, bond length, bonding angle and the rotation angle of the molecule with respect to the electrodes and proliferated the transport parameters for further insight into various phenomena at nanometer scale. Altering position of anchoring element in case of all the aromatic ring molecules, from para to meta resulted in delocalization of charge due to re-alignment of π-cloud, which lead to varied stress and hence quantum interference. Electron transport is strictly dependent on a specific bond length and both current and conductance decrease only whether bond length is decremented or incremented. As the rotation angle of the molecules is varied with respect to the electrodes, there was changes observed in both current and conductance of the molecule, but what interests us more that the value of the conductance and current remained confined between two discrete levels and toggles between these two discrete levels for each change of π/6 in rotation angle.
In case of our work with thiophene molecular wires, we observe the phenomenon conducible towards developing applications based on flexible electronics using organic molecules. The conductance for shorter length wires decreases exponentially and for longer lengt h a wire it decreases linearly, which shows that, initially, the nature of the charge transport is tunneling, and changes to hopping with a further increase in the length of the molecular wire; this supports the modeling of the conductance of molecular wires with change in temperature of the system. The results show highly length-dependent and temperature-invariant behaviour for short wires and weakly length-dependent and temperature-variant behaviour for longer molecular wires.
The numerical results show that, a series of thiophene molecular junctions containing an even number of rings, i.e. two, four, six or eight thiophene molecules, are more conductive than those containing one, three, five or seven thiophene molecules. Although this is an unusual conductive property, the reason for this phenomenon is that the geometric symmetries of thiophene wires containing even and odd numbers of thiophene rings are entirely different, leading to a difference in the contact configuration between the molecule and the electrodes, resulting in a larger coupling parameter for thiophene wires containing an even number of thiophene rings than for wires containing an odd number of thiophene rings.
In the present study we have outlined the interaction of molecule and the metals at nanometer scale using NEGF. To model the effect of the morphology of the electrodes on the charge transport through the molecular junctions, we varied the materials as well as shapes of the electrodes (Chapter 5 and 6) and elucidated that metallic e lectrodes are better candidates for molecular junctions than their non-metallic rivals. Though the electron transport based on the shape of the electrode was less researched topic, our work has revealed that shapes of the electrodes and hence the interface between the metal and molecule can result in transport behaviour to be either hopping or tunneling. We coined a novel term "Geometronics" as a synonym for the geometry based electronics.
Though our work with the electron transport through carbon nanotube (CNT), fullerenes and inorganic molecular wires for various applications was also acknowledged, it has not been included in this dissertation as we think that certain more parameters are needed to be worked upon. The electron transport through the deoxyribonucleic acid (DNA) has been a lot talked about topic and this becomes even more crucial as its constituent nucleobase guanine, adenine, thymine, and cytosine demonstrate distinct biological, chemical and electrical characteristics. We would next work with this molecule and see how it behaves under varying conditions of bias, stress and temperature towards the elucidation of electron transport.
To our best knowledge, there have been virtually no practicable ideas how much nanometerscale multi-terminal devices could be effectively integrated into a very large scale integrated (VLSI) circuit, because this requires nanometer-accurate placement of the components. We would further our efforts towards the integration of current VLSI circuits with the proposed nanosale devices. Next we will study resistive bistability effects in junctions based on several metal oxides, with a focus on sample-to-sample reproducibility which is necessary for the practical use of such junctions, in particular as cross-point devices of hybrid
